Essential agreement (percent ؎1 dilution) ranged from 98 to 100% for all methods except the method with the Vitek Legacy system, for which it was 90.6%. Of the six commercial MIC systems tested, the Sensititre, Vitek Legacy, and Vitek 2 systems tended to categorize VISA strains as susceptible (i.e., they undercalled resistance); the MicroScan and Phoenix systems and Etest tended to categorize susceptible strains as VISA; and the Vitek Legacy system tended to categorize VISA strains as resistant (i.e., it overcalled resistance). Disk diffusion categorized all VISA strains as susceptible. No susceptible strains (MICs < 2 g/ml) grew on the VScr, but all strains for which the VA MICs were 8 g/ml grew on the VScr. Only 12 (33.3%) strains for which the VA MICs were 4 g/ml grew on VScr. The differentiation of isolates for which the VA MICs were 2 or 4 g/ml was difficult for most systems and methods, including the reference methods.
In January 2006, the Clinical and Laboratory Standards Institute (CLSI) published new interpretive criteria for vancomycin and Staphylococcus aureus. The breakpoints were lowered from Յ4 g/ml to Յ2 g/ml for susceptible, 8 to 16 g/ml to 4 to 8 g/ml for intermediate, and Ն32 g/ml to Ն16 g/ml for resistant (2) . The vancomycin breakpoints for coagulasenegative staphylococci were not changed. The rationale for lowering the S. aureus intermediate breakpoint to 4 g/ml was (i) that intermediate S. aureus isolates, although they are rare, likely represented a population of organisms that demonstrate heteroresistance, and (ii) limited outcome data suggested that infections with these isolates are likely to fail vancomycin therapy (9) . The results of broth microdilution performed by use of the CLSI reference method were the primary S. aureus susceptibility data evaluated before the CLSI breakpoint change was made. We undertook the study described here to determine the accuracy of commercial systems and reference methods for the detection of decreased vancomycin susceptibility among isolates of S. aureus.
(This work was presented in part at the 47th Interscience Conference on Antimicrobial Agents and Chemotherapy, Chicago, IL, 17 to 20 September 2007.)
MATERIALS AND METHODS
Bacterial strains. One hundred twenty-nine isolates of S. aureus for which the vancomycin MICs ranged from Յ 1 to 8 g/ml were selected from the Centers for Disease Control and Prevention (CDC) strain collection. The original vancomycin MICs for the isolates were Յ1 g/ml for 60 isolates tested, 2 g/ml for 24 isolates tested, 4 g/ml for 36 isolates tested, and 8 g/ml for 9 isolates tested. All isolates were subcultured twice after their removal from frozen storage. We tested all methods and systems on the same day using inocula taken from blood agar medium (Trypticase soy agar containing 5% sheep blood) that had been subcultured from a common blood agar plate. The quality control strains tested were S. aureus ATCC 29213 and Enterococcus faecalis ATCC 29212 for MIC testing and S. aureus ATCC 25923 for disk diffusion testing.
Reference antimicrobial susceptibility testing (AST) methods. The CLSI reference methods used included the broth microdilution, agar dilution, and disk diffusion methods and the vancomycin agar screen (2, 3) . We prepared MIC panels at CDC by using concentrations of vancomycin ranging from 0.25 to 128 g/ml and Mueller-Hinton broth from Difco (BMIC-Difco; cation adjusted after preparation; Becton Dickinson, Sparks, MD) and BBL (BMIC-BBL; received as cation-adjusted Mueller-Hinton broth; Becton Dickinson). Of the reference methods tested, we chose the MICs obtained with BMIC-Difco as the standard for data analysis because BMIC-Difco is routinely used in our laboratory. We used Difco Mueller-Hinton agar (Becton Dickinson) with the same drug dilutions used for preparation of the broth microdilution plates to prepare the agar dilution plates. Commercially prepared BBL Mueller-Hinton agar plates (Becton Dickinson) were used for disk diffusion and Etest. Vancomycin agar screen plates were obtained from Remel (Lenexa, KS).
Commercial AST systems. AST was performed with the following six commercial systems: the MicroScan system (inoculated with the Prompt, type 20A, MIC panel with vancomycin concentrations from 2 to 16 g/ml; Siemens Healthcare Diagnostics, Deerfield, IL), the Vitek Legacy system (GPS-109 card with a reportable vancomycin MIC range from 0.5 to 32 g/ml; bioMérieux, Durham, NC), the Vitek 2 system (AST-GP61 with a reportable vancomycin range from 1 to 32 g/ml; bioMérieux), the Sensititre system (GPN3F panel with a vancomycin range from 1 to 128 g/ml; TREK Diagnostic Systems, Cleveland, OH), the Phoenix system (PMIC-102 card with a vancomycin range from 0.5 to 16 g/ml; Becton Dickinson), and Etest (vancomycin range, 0.016 to 256 g/ml; AB Biodisk, Solna, Sweden). We used the revised CLSI breakpoints to analyze the MICs obtained with each system. Essential agreement (the MIC Ϯ 1 log 2 dilution) and category interpretations of susceptible, intermediate, or resistant were calculated by use of the revised breakpoints. For Etest, non-log 2 concentrations were rounded up to the next log 2 concentration for data analysis.
Following testing of the 129 selected isolates with the systems and by the methods described above, updated panels for the commercial systems became available. These updated panels (MicroScan system, Pos MIC 26; Phoenix system, PMIC/ID-104; Sensititre system, GPALL1F; and Vitek 2 system, AST-GP67) were used to retest the 43 organisms in the original study for which a category error occurred with any of the systems or by any of the test methods used. These included 20 organisms for which the vancomycin MICs with BMICDifco were Յ2 g/ml, 22 organisms for which the vancomycin MICs were 4 g/ml, and 1 organism for which the vancomycin MIC was 8 g/ml.
RESULTS AND DISCUSSION
MIC results and category interpretations for all methods are shown in Table 1 . For the method with BMIC-Difco, which we designated as the standard for our study, 34.9% of the results were in the intermediate category (that is, the isolates were vancomycin-intermediate Staphylococcus aureus [VISA] ) and 65.1% were in the susceptible category. The percentage of results in the intermediate category for the other methods ranged from 0% with the Vitek Legacy system to 50.4% with the Phoenix system.
The differences in MIC results among the eight methods compared with the results obtained with BMIC-Difco are shown in Table 2 , along with the percentage of results within Ϯ1 dilution (essential agreement) of the result obtained with BMIC-Difco. Essential agreement was excellent (98.4 to 100%) for all methods except that performed with the Vitek Legacy system.
We compared the ability of the testing methods to determine the correct category interpretation compared with the category interpretations obtained with BMIC-Difco. The comparison and the kinds of discrepancies that occurred are shown in Table 3 . The method with BMIC-BBL was the only one with Ն95% overall category agreement compared with the results obtained with BMIC-Difco. Except for the Vitek Legacy system, the category agreements for the other seven MIC methods varied within a close range of 84.5 to 92.2%. Category agreement between the method with BMIC-Difco and the Vitek Legacy system was only 64.8%. For the discrepancies that occurred, the method with BMIC-BBL, the agar dilution method, the Sensititre system, and the Vitek 2 system tended to categorize more VISA isolates as susceptible than the method with BMIC-Difco; Etest, the MicroScan system, and the Phoenix system categorized more susceptible isolates as VISA. The Sensititre system categorized one VISA isolate as resistant. None of the isolates tested with the Vitek Legacy system yielded MICs of 4 or 8 g/ml; with that system, 35 of the VISA strains were categorized as susceptible and 10 were categorized as resistant.
The results obtained by retesting of the 43 organisms for which a category discrepancy had occurred in the original study but with updated commercial panels for four of the systems are shown in Table 4 . Again, essential agreement was excellent (97.5 to 100%) compared to the MICs obtained by the method with BMIC-Difco, although there were some differences in the trend toward higher or lower MICs and the kinds of category discrepancies noted. The MicroScan system again tended to categorize susceptible isolates as VISA and the Vitek 2 system tended to categorize VISA isolates as susceptible. The results for the Sensititre system changed from tending to undercall resistance to overcalling resistance. However, 40 of the 43 organisms retested had vancomycin MICs at the breakpoint (2 to 4 g/ml), making minor errors more likely and complicating the conclusions that can be drawn from the retesting.
The vancomycin agar screen test (data not shown) and the disk diffusion test (Fig. 1) were both insensitive for the detection of VISA isolates. None of the isolates with vancomycin MICs of Յ2 g/ml grew on the agar screen plates, but isolates with vancomycin MICs of 8 g/ml did grow. The results for isolates with vancomycin MICs of 4 g/ml were variable; only 12 of 36 (33.3%) of these isolates grew on the agar screen plates. All of the VISA isolates, regardless of whether the MIC was 4 or 8 g/ml, were categorized as vancomycin susceptible by disk diffusion (zone diameters, Ն15 mm) (Fig. 1) . CLSI recently rescinded the vancomycin disk diffusion breakpoints for S. aureus and they no longer appear in Table 2C of the CLSI performance standards (4). The results obtained by Etest compared with those obtained with BMIC-Difco are shown in Fig. 2 .
Only a few studies have assessed the accuracy of susceptibility testing methods for detecting VISA strains. In 1998, CDC tested eight VISA strains using Etest, conventional and rapid MicroScan panels, the Sensititre system, the Vitek Legacy system, and the vancomycin agar screen method. All the commercial MIC methods, except the MicroScan rapid panels, gave acceptable results under the CLSI interpretive criteria used before 2006 (8) . The authors reported that the vancomycin agar screen plates prepared in-house did not perform as well as commercially prepared plates. The commercially prepared plates detected all the isolates (n ϭ 8) with vancomycin MICs of 8 g/ml and only one of four isolates with MICs of 4 g/ml. These findings are consistent with the findings of the present study.
Recently, Wootton et al. compared the results of three methods for their ability to differentiate vancomycin-susceptible isolates from VISA and heteroresistant VISA (hVISA) strains: the CLSI vancomycin agar screen method; an agar screen method that uses Mueller-Hinton agar containing 5 g/ml of teicoplanin; and the macro-Etest, a method that uses vancomycin and teicoplanin Etest strips on brain heart infusion agar seeded with an inoculum suspension equivalent to a 2.0 McFarland standard (10) . These methods were compared to population analysis, which is considered the gold standard for the identification of hVISA. It is difficult to compare the results of their study with the results of our study because their strains were grouped by MIC categories that overlap the current CLSI criteria; i.e., vancomycin-intermediate strains were those for which the MICs were Ն8 g/ml, heteroresistant strains were those for which the MICs were 1.5 to 4 g/ml, and susceptible strains were those for which the MICs were Յ1 g/ml. The success of the macro-Etest method in that study was contingent upon the definition of a VISA isolate as one for which the vancomycin MIC was Ն8 g/ml.
When the MIC results for a large number of organisms are close to the susceptible or intermediate breakpoint, as is true in this study, it is possible to have excellent essential agreement but relatively poor category agreement. Our data show that when the MICs range from 2 to 8 g/ml, Etest, the MicroScan system, and the Phoenix system tended to give higher vancomycin MIC results than the broth microdilution reference method; agar dilution, the Sensititre system, and the Vitek 2 system tended to give results lower than those obtained by other methods, even though the essential agreement of all the methods was excellent (Table 2) . When the organisms responsible for the category errors were retested on newer panels for the MicroScan, Phoenix, Sensititre, and Vitek 2 systems, category discrepancies continued to occur, despite the excellent essential agreement.
Recognition of intermediate vancomycin resistance among S. aureus isolates can be medium dependent (8) .When we used Mueller-Hinton broth from a different manufacturer with the broth microdilution reference method, the results yielded approximately 5% minor errors (Table 3) compared to the results obtained with the gold standard broth. Although subtle differences in the performance of the susceptibility testing methods could be because of differences in the media or the concentra- tions tested, such as the half intervals of the Etest, all the VISA isolates tested in our study (i.e., isolates with vancomycin MICs of 4 to 8 g/ml with BMIC-Difco) produced MICs of Ն2 g/ml by the other test methods. Therefore, to increase the rate of detection of VISA strains in the laboratory, the laboratory could consider testing all S. aureus isolates with vancomycin MICs of 2 g/ml by an alternate method. Unfortunately, the vancomycin agar screen test was not very sensitive for detecting strains when the vancomycin MICs were 4 g/ml. For the users of automated systems, Etest may be a good alternative testing method because it detected 44 of 45 (97.8%) VISA isolates.
In a recent review, Appelbaum (1) suggested that S. aureus strains for which the vancomycin MICs are 1 or 2 g/ml and that are isolated from patients who are failing vancomycin therapy with a glycopeptide should be investigated further. Some isolates with vancomycin MICs in this range have been identified as having vancomycin heteroresistance and have been associated with therapeutic failures (8) . Although it is true that efforts to investi- gate these isolates further would likely identify more vancomycinintermediate strains, most clinical laboratories are unaware of poor treatment outcomes that would trigger further investigation. Furthermore, given that the modal vancomycin MIC of S. aureus isolates in the United States is 1.0 g/ml, as reported in several surveillance studies (5-7) and in additional data at the EUCAST website (http://www.eucast.org), testing of all strains with vancomycin MICs of 1.0 g/ml would be burdensome. Limiting of further testing by any of the test methods evaluated in the present study to strains with vancomycin MICs of 2 g/ml may be more feasible.
In summary, with the exception of the Vitek Legacy system, the performance characteristics of all the MIC susceptibility testing methods, when they were measured by essential agreement, were excellent. However, the Phoenix system, Etest, and the MicroScan system tended to yield MIC results 1 dilution higher than those obtained by the broth reference method; and agar dilution, the Sensititre system, and the Vitek 2 system yielded results that were 1 dilution lower than those obtained by the broth reference method. The Vitek Legacy system gave no MIC results of 4 or 8 g/ml, and thus, it is difficult to compare the results obtained with the Vitek Legacy system with those obtained by the reference method. The disk diffusion test did not distinguish vancomycinintermediate strains from vancomycin-susceptible strains, and the vancomycin agar screen lacked sensitivity for strains with MICs of 4 g/ml. Clinical laboratories may enhance their ability to detect S. aureus isolates with reduced susceptibility to vancomycin by performing further testing (e.g., by the vancomycin Etest) with isolates for which the MICs are 2 g/ml with one of the commercial systems evaluated in the present study.
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